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Summary
Objective: To adapt the Knee injury and Osteoarthritis Outcome Score (KOOS) into French and to evaluate the psychometric properties of this
new version.
Methods: The French version of the KOOS was developed according to cross-cultural guidelines by using the ‘‘translation-back translation’’
method to ensure content validity. KOOS data were then obtained in patients with symptomatic knee osteoarthritis (OA). The translated ques-
tionnaire was evaluated in two knee OA population groups, one with no indication for joint replacement (medicine), and the other waiting for joint
replacement (surgery). The psychometric properties evaluated were feasibility: percentage of responses, ﬂoor and ceiling effects; construct val-
idity: internal consistency usingCronbach’s alpha, correlationswith osteoarthritis kneeand hip quality of life domains usingSpearman’s rank test,
and known group comparison between medicine and surgery groups; reliability: intra-class correlation coefﬁcient (ICC), Bland and Altman rep-
resentation; responsiveness using data obtained prior to and 3 months after surgery: standardized response mean (SRM), and effect size.
Results: Thirty-seven patients were included in the medicine group (68% women, mean age¼ 70 10 years) and 30 in the surgery group
(73% women, mean age¼ 71 10 years). The percentage of responses was excellent. Neither a ﬂoor nor a ceiling effect was observed,
except for the sport and recreation subscale (20.6% of patients with the worst possible score in the medicine group, 40 and 0% in the surgery
group prior to and after surgery, respectively). Results for internal consistency (Cronbach’s alpha ranging from 0.76 to 0.93), and convergent
and divergent construct validity were satisfactory. The patients waiting for knee surgery presented with signiﬁcantly lower scores in all KOOS
domains. The reproducibility of measurements of all KOOS subscales was good to excellent, with ICC ranging from 0.755 to 0.914. The
responsiveness was high, with SRM ranging from 0.89 to 1.93, and effect size from 1.31 to 2.8.
Conclusion: The French version of KOOS is a valid, reliable, and responsive instrument to capture speciﬁc aspects of functional disability
affecting quality of life of knee OA patients.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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423Thepainanddisability associatedwith kneeOAhaveasignif-
icant impact on the patients’ health-related quality of life
(QOL)1,2. Various instruments are available to assess knee
in OA patients1,3e5. In particular, the Western Ontario and
McMaster Universities Index (WOMAC) is a validated and
widely used disease-speciﬁc instrument, which assesses
OA-induced pain, stiffness, and functional limitation6. The
Knee injury and Osteoarthritis Outcome Score (KOOS) was
developed as an extension of the WOMAC for young and/
or active patientswith kneeOAor knee injury7,8. Themain dif-
ference between theWOMAC and the KOOS is the inclusion
of the sport and recreation function and QOL domains. The
424 P. Ornetti et al.: Validation of KOOS in FrenchKOOS has been shown to be more sensitive and responsive
thanWOMAC in younger or more active patient8e10. Several
studies suggest that the current aging population, which
includes those with knee OA awaiting joint replacement, is
physicallymore activewhen compared to a similar population
decades ago. In Germany, 42% of knee OA patients
maintained involvement in sports at the time of joint replace-
ment, and 34% continued 5 years after surgery11. In addition,
it has been observed that some patients started participating
post-operatively in sports which they were not able to do prior
surgery. For example, only a few patients were able to go
hiking prior to knee joint replacement, compared to nearly
30% 5 years post-surgery11. In another study performed in
patients with knee OA awaiting joint replacement (mean
age¼ 71 years), 51 and 91% of the patients considered
that the KOOS sport/recreation and QOL subscales, respec-
tively, were extremely very important9. Thus, the KOOS
sport/recreation and QOL subscales may capture additional
important information in elderly patients with knee OA. Con-
sequently, the KOOS was evaluated in knee OA patients, in-
cluding those with advanced disease progression. The
KOOS was found to be valid, reliable, and responsive in OA
patients before and after total joint replacement9,10.
Due to the increase in large multicenter international
studies and the requirement for globally meaningful epide-
miologic and/or therapeutic study results, there is a need
for cross-cultural adaptation and validation of health status
measures. The cross-cultural adaptation of the KOOS
may require not only translation but also adjustment of
cultural words, idioms, and colloquialism. This process
may involve substantial transformation of some items to
fully capture the essence of the original concepts. Validated
versions of KOOS have been currently published for use in
English, Swedish7, Danish, German12, Singapore English
and Chinese13, and in numerous other languages14.
The aim of this study was to cross-culturally adapt the
KOOS in French and to evaluate the psychometric proper-
ties of this adaptation, as expressed by its feasibility,
construct validity, reliability, and responsiveness.MethodsCROSS-CULTURAL ADAPTATION PROCESSThe cross-cultural adaptation was performed according to published rec-
ommendations15,16. Three people (two rheumatologists and an English
teacher) native in the target language independently translated the English
version of the KOOS into French. A ﬁnal version was written based on the
consensus of the three translators. Backward translation was performed by
a bilingual native English speaker (PB), blinded to the original English
version. A multidisciplinary consensus committee was formed to ensure
that the translation was comprehensive and verify cross-cultural equivalence
of the source and ﬁnal versions. The committee consisted of three rheuma-
tologists (PO, LG, and JFM), an orthopedic surgeon (YJ), a rheumatologist
and epidemiologist specialized in cross-cultural adaptation (FG), a retired
rheumatologist suffering from knee OA (JS), and a native French English
teacher (PG). The ﬁnal version was pre-tested on 15 French patients suffer-
ing from knee OA. The patients were asked whether they fully understood all
items and whether they had problems with the formulation.EVALUATION OF THE PSYCHOMETRIC PROPERTIES OF
THE FRENCH VERSION OF KOOSStudy design
Bicentric prospective study.
Patients
Two patient populations were evaluated. The medicine group was formed
by all consecutive outpatients consulting for knee OA in the RheumatologyDepartment of the Dijon University Hospital (France). The surgery group
was recruited in theOrthopedic SurgeryDepartment of theMarseille University
Hospital (France). It was constituted by all consecutive knee OA patients wait-
ing for total knee replacement (TKR).
The inclusion criteriawere patient age of at least 40 years, and primary knee
OA according to the American college of rheumatology (ACR) criteria17.
Additionally, the patients in themedicine groupmust not have been considered
as candidate for knee joint replacement while patients in the surgery group
must have been presented with an indication for knee replacement. Patients
had to be able to understand and complete the self-report questionnaires.
The non-inclusion criteria were the presence of other signiﬁcant rheumatic
disease, such as low back pain and other inferior limb joints OA, severe
inﬂammatory arthritis as conﬁrmed by physical examination, intra-articular
use of corticosteroids within the previous 3 months and, in the medicine
group, expected changes in knee OA treatment during the following 2 weeks.
Questionnaires
During the initial assessment, patients in the medicine group were asked
to ﬁll in the French version of the KOOS questionnaire and the osteoarthritis
knee and hip quality of life (OAKHQOL) questionnaire. The OAKHQOL was
recently validated as a speciﬁc hip and knee OA QOL instrument18. The
KOOS includes ﬁve domains and 42 items. The main difference between
the WOMAC and the KOOS is the inclusion of two additional domains,
a ﬁve-item sport and recreation function domain, and a four-item QOL
domain. In addition, four items were added to the WOMAC pain domain,
and the two-item WOMAC stiffness domain was changed to a seven-item
symptom domain. For each domain, scores are normalized on a 0e100 scale,
100 being the best result. The OAKHQOL contains 43 items spread over ﬁve
domains (pain, physical activities, mental health, social support, and social
functioning) and three independent items (sexual activity, relationships, and
professional life). Scores again ranged from 0 (worst) to 100 (best).
The patients in the medicine group were given a second KOOS question-
naire which they were asked to complete 2 weeks later and to mail back,
using a pre-stamped envelope.
The patients in the surgery group were asked to ﬁll in the KOOS question-
naire pre-operatively, and during a follow-up visit, 3 months after surgery.
Missing values were handled according to KOOS and OAKHQOL guide-
lines. For the KOOS, when more than two of the items of a domain were
missing, the score was not calculated. For OAKHQOL, when at least half
of the items of a dimension were missing, the score was not calculated. In
other situations, missing values were replaced by the average of values
observed in the same domain for the individual.Statistical analysis
Feasibility. Feasibility was assessed using the percentages of responses
and using the ﬂoor and ceiling effects in the medicine and surgery samples.
The surgery group was assessed prior to and 3 months after surgery. Floor
and ceiling effects were considered to be present if more than 15% of the re-
spondents achieved the highest or the lowest possible scores.
Construct validity. Internal consistency was assessed using Cronbach’s
alpha coefﬁcient. A Cronbach’s alpha equal or superior to 0.7 is generally
considered as satisfactory.
Convergent and divergent construct validity was determined by compar-
ing the results of the KOOS and OAKHQOL questionnaires. The Spearman’s
rank correlation was used to assess the association between domains.
Coefﬁcient correlations >0.5, 0.5e0.35, and <0.35 were considered as
strong, moderate, and weak, respectively13. A priori hypotheses were gener-
ated for convergent (moderate to strong correlation expected) and divergent
(weak correlation expected) construct validity, according to the theoretical
measurement of similar or divergent construct and results of the validation
studies of the KOOS questionnaires in other languages7,9,13. It was hypoth-
esized that: (1) the KOOS symptom, pain, and activity of daily life (ADL)
domains would correlate strongly or moderately with the OAKHQOL pain
and physical activities domains, and would correlate weakly with the other
OAKHQOL domains, (2) the KOOS sports and recreation domain would
correlate weakly with all OAKHQOL domains, since this domain has previ-
ously been reported as weakly correlated with all 36-item short form health
survey (SF36) domains9 and (3) the KOOS QOL domain would correlate
strongly or moderately with all OAKHQOL domains.
In addition, the baseline scores obtained in the surgery sample (prior to
knee joint replacement) and the medicine sample (no indication for total joint
replacement) were compared using an ANOVA (analysis of variance) (after
variance homogeneity was checked). It was hypothesized that scores in the
surgery sample would be statistically lower than in the medicine sample.
Reliability. The reliability of the KOOS subscales was assessed using the
two questionnaires completed at a 2-week interval by the medicine sample
patients. It was assumed that, using such an interval, the probability of
Table I
Internal consistency of KOOS subscales
KOOS subscales (number of items) Cronbach’s alpha coefﬁcient
Pain (9) 0.84
Symptoms (7) 0.76
Function ADL (17) 0.93
Function sport/recreation (5) 0.84
QOL (4) 0.83
425Osteoarthritis and Cartilage Vol. 16, No. 4a spontaneous signiﬁcant change in knee OA condition was low. Evaluation
of the reliability used the intra-class correlation coefﬁcient (ICC) (two way
model, single measure), with 95% conﬁdence interval (CI). An ICC of more
than 0.80 is usually considered to be indicative of excellent reproducibility.
In addition, the Bland and Altman representations, in which the difference
between the ﬁrst and the second assessments is plotted against the mean
of the two assessments, were obtained19. Such representations make it pos-
sible to describe the percentage of subjects and their distribution within the
95% limits of agreements along the range of the score scale. The smallest
detectable difference (SDD), which corresponds to the limits of agreement
(mean change 1.96 standard deviation [SD] change) was obtained20.
The SDD indicates the smallest change that can be distinguished from the
measurement error.
Responsiveness. Responsiveness was evaluated in the surgery sample by
comparing the pre- and post-surgery results. The standardized response
mean (SRM), i.e., the mean change between baseline and 3 months post-
surgery divided by the SD of the mean change, and the effect size (ES),
i.e., the mean score change between baseline and 3 months post-surgery di-
vided by the SD of the pre-surgery values, were calculated.
The Statistical Package for the Social Sciences (SPSS) version 14.0 was
used for data management and statistical analyses. Statistical signiﬁcance
was deﬁned as P< 0.05.Results
Although only slight differences were identiﬁed in the
structure of the sentences of the 42 items between French
and English KOOS versions, and between the English
primary and back-translated KOOS versions, the committee
discussed the questionnaire conceptual presentation,
the patient comprehensibility and answer choices, before
reaching a consensus.
Thirty-seven patients were included in the medicine
group (mean age¼ 70 10 years, range 45e91; 68%
women). A large majority (34/37) returned their 2-week
questionnaire, which allowed reliability assessment. Few
individual items were missing (1.1%), and the total score
could be obtained for all domains in all patients. One patient
did not ﬁll in the OAKHQOL questionnaire. In the remaining
36 patients, more than 99.5% of the items were ﬁlled
correctly. Three independent items not used to calculate
the different subscales of the OAKHQOL questionnaire
were not fully completed. They were item 12 (ability to
work, most of the included patients were retired: 88% miss-
ing data) and items 22 and 23 (related to sexual activity:
42% missing data).
Thirty patients were included in the surgery group (mean
age¼ 71 10 years, range 42e85; 73% women). Every
patient ﬁlled in the KOOS questionnaire at baseline as
well as at the 3-month follow-up visit. Of the individual
items, 4.7% were missing. Prior to surgery, the symptomsTable I
Construct validity: correlations between Fre
KOOS OAKHQOL Pain Symptoms
Physical activities 0.45 (P¼ 0.008),
S or M
0.29 (P¼ 0.098),
S or M
Pain 0.42 (P¼ 0.014),
S or M
0.35 (P¼ 0.042),
S or M
Mental health 0.46 (P¼ 0.007), W 0.47 (P¼ 0.005), W
Social support 0.04 (P¼ 0.82), W 0.12 (P¼ 0.5), W
Social functioning 0.30 (P¼ 0.089), W 0.29 (P¼ 0.091), W
Spearman’s correlation coefﬁcient, P-value, and expected correlation
M: moderate; and W: weak).and QOL scores were obtained for all patients. The pain
score was obtained for 29 patients, the ADL score for 27,
and the sport and recreation score in only 25. After surgery,
the pain score was obtained for all patients. The symptoms,
ADL, sports and recreation, and QOL scores were not avail-
able in one, two, 10, and one patients, respectively. When
reading patients’ comments, it appeared that some patients
did not rate the sport and recreation items because they
concerned activities they had not yet engaged in daily life
(running, jumping,.) at the time of post-surgery evaluation.
One pain, one symptom, and three function/ADL scores
were not obtained because the patients forgot to ﬁll in one
page of the 10-page questionnaire. If the forgotten pages
were not taken into account, the percentage of missing
individual items was 3.7%.
A ﬂoor or ceiling effect was not observed (0% of patients
at the maximal and the minimal scores), except in the sport
and recreation subscale. In that scale, a ceiling effect was
observed in the medicine group (20.6% of patients with
the worst possible score). In the surgery group, the ceiling
effect was more pronounced prior to surgery (40% of pa-
tients with the worst possible score), but disappeared after
joint replacement (0% with the worst possible score).
Results for internal consistency were good, with Cronba-
ch’s alpha ranging from 0.76 to 0.93 (Table I). The results of
convergent and divergent construct validity are given in
Table II. As expected, high or moderate correlations oc-
curred between the KOOS and OAKHQOL scales that are
intended to measure similar constructs: KOOS ADL with
OAKHQOL physical activities rs¼ 0.65 (P< 0.001), and
KOOS pain with OAKHQOL pain rs¼ 0.42 (P¼ 0.01). There
was also an expected moderate correlation between KOOS
ADL and OAKHQOL pain, and between KOOS pain and
OAKHQOL physical activities. Since the OAKHQOL is
a QOL questionnaire, it was not surprising to observe
a good correlation between KOOS QOL and all OAKHQOL
domains, except social support. The weak correlation
between the KOOS sport recreation domain and all OAKH
QOL domains has previously been observed with SF36I
nch KOOS and OAKHQOL subscales
Function ADL Sport recreation QOL
0.65 (P< 0.001),
S or M
0.30 (P¼ 0.084), W 0.53 (P¼ 0.001),
S or M
0.48 (0.004),
S or M
0.20 (P¼ 0.258), W 0.54 (P¼ 0.001),
S or M
0.50 (P¼ 0.002), W 0.14 (P¼ 0.44), W 0.72 (P< 0.001),
S or M
0.07 (P¼ 0.68), W 0.05 (P¼ 0.77), W 0.08 (P¼ 0.66),
S or M
0.35 (P¼ 0.043), W 0.18 (P¼ 0.31), W 0.58 (P< 0.001),
S or M
(strong, moderate or weak) are provided in each row (S: strong;
Table III
KOOS on a 0 (worst) to 100 (best) scale in 37 and 30 patients with
and without indication to TKR, respectively. In the surgery group,
the pain score, the ADL score, and the sport/recreation score
were obtained in 29, 27, and 25 patients, respectively
KOOS subscales Medicine group Surgery group P
Pain: mean (SD) 51 (16) 44 (14) 0.04
Symptoms: mean (SD) 59 (20) 49 (18) 0.02
Function ADL: mean (SD) 53 (16) 45 (14) 0.04
Function sport/recreation:
mean (SD)
24 (20) 11 (16) 0.01
QOL: mean (SD) 37 (17) 23 (14) 0.001
426 P. Ornetti et al.: Validation of KOOS in Frenchdomains9. In contrast, some unexpected results were
obtained, in particular the high to moderate correlation
between OAKHQOL mental health and all KOOS subscales
except sport recreation.
The results obtained for patients in both groups are
shown in Table III. As expected, the patients waiting for
surgery presented with signiﬁcantly lower scores in all
KOOS domains.
The reproducibility of measurements of all KOOS sub-
scales was good to excellent, with ICC ranging from
0.755 to 0.914 (Table IV). The Bland and Altman graphic
representations are shown in Fig. 1. The difference
between repeated measurements was not related to the
mean of the two measurements. The SDD ranged from
13.4 to 21.1.
The responsiveness was high for all domains, with SRM
ranging from 0.89 to 1.93 and effect size from 1.31 to 2.8
(Table V). The changes in sport and recreation domain
appeared to be lower than the changes in the other sub-
scales (Table V and Fig. 2).Discussion
In the present work, the English version of the KOOS
questionnaire was cross-culturally adapted into French.
The psychometric properties of the translated version
were then evaluated and found to be satisfactory. The ﬁnd-
ings will have to be conﬁrmed by further studies evaluating
other sub-populations, e.g., men and women, young and
elderly, before generalizations are applicable. The French
version is now available and can be downloaded on the
internet14.
The psychometric properties of the French KOOS were
generally similar to the original KOOS7,9,10. After adapta-
tion, the French version of KOOS seems to be a feasible in-
strument as illustrated by the low number of missing data.
The mean scores of the QOL, and particularly the sportTable I
Mean KOOS scores and reliability
KOOS subscales Mean KOOS score (S
First assessment Seco
Pain 50 (15)
Symptoms 58 (19)
Function ADL 51 (14)
Function sport/recreation 21 (17)
QOL 35 (15)
Two assessments, separated by a 2-week interval, were made in 34 pand recreation function subscale were markedly lower
than the scores of other KOOS subscales, as previously
reported7,9,13. This might support the idea that knee OA
patients avoid critical situations in their daily life, such as
jumping or running. However, this result might also be re-
lated to the age of the patients (mean ages¼ 70 and 71
years in medicine and surgery samples, respectively).
Moreover, the sport and recreation domain could not be ob-
tained in some pre- and post-joint replacement patients.
The comments of some patients suggested that they did
not rate some items because they corresponded to activi-
ties they never performed in daily life or, at post-surgery
evaluation, because they had not yet tried to perform
such activities. It is noteworthy that numerous missing
data in this particular subscale had already been reported
in a pre-arthroplasty population9. It is, however, important
to include more difﬁcult items of physical function since
these are very relevant to every other patient undergoing
TKR, even 5 years after surgery21. Except for the particular
situation presented above, the percentage of missing data
was very low, suggesting that the translated KOOS is suit-
able as a self-administered questionnaire. A formatting
problem was discovered as a few patients forgot to ﬁll in
one of the pages of the questionnaire. The formatting was
improved (four pages instead of 10) in order to avoid such
missing data.
The internal consistency and the reliability were good and
comparable to that observed in other languages7,12,13.
Moreover, according to the Bland and Altman graphic repre-
sentation, the difference between repeated measurements
was not related to the mean of the two measurements.
Comparison of the baseline data obtained in the two
samples suggests that the instrument allows discrimination
between patients with different levels of knee OA severity.
The results of correlation support the idea that the French
KOOS shows evidence of convergent and divergent con-
struct validity. Higher correlations occurred as expected
when comparing KOOS and OAKHQOL subscales measur-
ing the same domain (pain and function). Relationships
between pain and function subscales conﬁrmed that physi-
cal function is closely related to pain in knee OA patients, in
accordance with previous studies9,22. The correlations
between the sport and recreation function domain and all
OAKHQOL domains were weak. This result might be
considered surprising for OAKHQOL physical activity and
pain, but was previously observed with the SF36 physical
function and bodily pain domains9,22. The strong to moder-
ate correlation between the OAKHQOL mental health and
all KOOS domains, except for sport and recreation, might
be considered as surprising. This result was not previously
observed between SF36 mental health and KOOS
domains9. However, the OAKHQOL mental health domainV
of French KOOS subscales
D) ICC (95% CI) SDD
nd assessment
51 (13) 0.883 (0.78e0.94) 13.4
58 (17) 0.914 (0.834e0.956) 15.5
50 (15) 0.859 (0.736e0.927) 15.4
21 (15) 0.824 (0.675e0.908) 19.6
34 (15) 0.755 (0.563e0.87) 21.1
atients.
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Fig. 1. Reproducibility of the French KOOS domains. Bland and Altman representations. Two assessments, separated by a 2-week interval,
were made. Ninety-ﬁve percent limits of agreement correspond to the mean difference between two measurements 1.96 SD. (a) Pain
domain, (b) symptoms domain, (c) ADL domain, (d) sports and recreation activity domain and (e) QOL domain.
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Table V
Responsiveness of French KOOS subscales
KOOS subscales ES SRM
Pain 2.59 1.85
Symptoms 1.63 1.45
Function ADL 2.52 1.8
Function sport/recreation 1.31 0.89
QOL 2.8 1.93
Thirty patients were evaluated prior to and 3 months after TKR.
428 P. Ornetti et al.: Validation of KOOS in Frenchhas been shown to correlate strongly with the WOMAC pain
and function subscales18. Contrary to the SF36, the OAKH
QOL is especially adapted to measure alterations of QOL
speciﬁcally due to knee and hip OA. This might explain
the differences in correlations between the KOOS domains
and, on one hand the SF36, on the other hand the OAKH
QOL. Interpretation of the pattern of correlations conﬁrms
that the KOOS QOL domain captures more than just pain
or functional disability. Some other results were not
expected but, a posteriori, are not so surprising. A moderate
correlation was observed between the KOOS function ADL
and the OAKHQOL social functioning domains. The OAKH
QOL social functioning domain contains two questions
which are related to the function/ADL, which can explain
this result. The KOOS QOL domain was not correlated to
the OAKHQOL social support domain but actually, the latter
captures a dimension of QOL which is not captured by the
four-item KOOS QOL domain.
The translated instrument demonstrated good respon-
siveness. The changes in sport and recreation domain
appeared to be lower than the changes in the other sub-
scales. The follow-up was performed only 3 months after
surgery. It is unlikely that this brief 3-month interval between
surgery and follow-up explains this result since a lower
responsiveness of the sport and recreation, compared to
other domains, has been described 6 and 12 months after
surgery9. Moreover, in all domains, the SRM and ES ob-
served in the present study were comparable to those de-
scribed 6 and 12 months after surgery, suggesting that
the choice of a 3-month period did not compromise the re-
sults. It must be pointed out, however, that total joint re-
placement is usually a highly effective therapy, and that
the SRM and ES might not be as satisfactory if evaluated
in patients treated with less efﬁcient treatment.0
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Fig. 2. KOOS domains prior to and 3 months after TKR. This scale
is 0e100, worst to best.Acknowledgments
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